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Abstract

Introduction:

It seems that diabetes mellitus (DM) can affect the auditory system due to neuropathy, micro-vascular
complications, and hearing cell damage during hyperglycemic states. In the current study, we aimed
to compare hearing status in patients with type 2 DM (T2DM) according to their blood-sugar control
status.

Materials and Methods:

This cross-sectional study was carried out in 104 patients with T2DM attending the diabetic clinics of
Guilan University of Medical Sciences within a period of 1 year (2014-2015). One group consisted of
52 patients with poor control and the other consisted of patients with moderate-to-good control
(according to glycated hemoglobin [HbA1c] level). All subjects underwent pure tone audiometry
(PTA) and distortion product otoacoustic emission (DPOAES) assessments. A hearing threshold
higher than 20 dB and a signal-to-noise ratio <3 in each frequency were considered abnormal.

Results:

In PTA, poorly controlled patients showed more frequent hearing loss compared with the well-
controlled group, especially at higher frequencies (8 kHz: 67.3% vs 46.2% [P=0.029]; 10 kHz: 46.2% vs
21.2% [P=0.025]). Also, patients in the poorly controlled group had worse cochlear function according
to the DPOAE test (4 kHz: 32.7% vs 17.3% [P= 0.002] and 8 kHz: 70.6% vs 40.4% [P=0.006]).

Conclusion:

DM and poor control status of diabetes can affect hearing sensation and cause hearing loss, especially
at high frequencies. According to our findings, it seems that diabetic patients with a duration of
diabetes >10 years, diabetic complications, poor control status or comorbidities should undergo both
endocrine and audiologic follow-up to prevent greater sensory neural hearing loss.
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Introduction

The number of people with diabetes mellitus
(DM) is growing for a number of reasons
including  population  growth,  aging,
urbanization, and the increasing prevalence of
obesity and physical inactivity. Rational
planning and allocation of resources rely on
guantifying the prevalence of diabetes and the
number of people affected by diabetes, now
and in the future. Type 2 DM (T2DM) is a
complex disease with both metabolic and
vascular complications that affected about 285
million worldwide in 2010, and is predicted to
rise to 438 million by the end of 2030 within
the 20-70-year age group (1). In the Islamic
Republic of Iran, despite the existence of a
national diabetes prevention and control
program, we still face a large burden of DM
(2). According to recent records, the current
prevalence of DM in Iran is 10.3% (3).

The influence of glycosides and lipids and
metabolic complications on vestibular and
auditory systems have been considered the
main etiologic factors related to hearing
impairment, tinnitus, and dizziness in DM (4).
Therefore, the diabetic population are in a high-
risk group for auditory complications (5).
Jordao first described the relationship between
DM and hearing loss (6), and this association is
still controversial. Despite the fact that most
studies reported bilateral progressive high-
frequency sensorineural hearing loss (SNHL) in
diabetic patients (7-9), others revealed that
hearing was not affected in patients with
diabetes (10-12). Glycosylated hemoglobin
(HbA1C) is one of the indicators for glycemic
control status in patients with DM. However,
there is no systematic association between its
elevated levels and increased hearing
thresholds. Thus, direct evidence that poor
metabolic control status in diabetes results in a
greater degree of SNHL remains to be proven
(13). Although some studies have revealed the
occurrence of SNHL in DM, there is still
disagreement among some authors about this
relationship (14-15).Hearing loss and T2DM
are significant health problems, so it is
worthwhile to study the relationship between
the two (16). The purpose of the current study
was to examine whether, among diabetic
patients, the degree of hearing loss is
associated with glycemic control (HbALC
levels) and other factors related to control of
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diabetes. The second objective was to correlate
the audiological findings with factors such as
duration of DM, gender, comorbidities, and
the presence of other diabetes complications.

Materials and Methods

This cross-sectional study included 104
patients with T2DM (52 poorly controlled
patients and 52 cases with moderate-to-good
control) who were selected from adult diabetic
patients attending the diabetic clinics of our
university hospitals during 2014-2015. Patients
were selected using a systematic random
sampling technique (every other patient who
met the inclusion criteria was chosen) and
referred to the Ear, Nose, and Throat (ENT)
clinic of our hospital for a hearing assessment.
All  investigations were performed in
accordance with the Declaration of Helsinki on
biomedical studies involving human subjects,
and informed consent was obtained from all
participants. This study was approved by the
Clinical Research Ethics Committee of Guilan
University of Medical Sciences (GUMS).
Well-controlled patients were defined as
those who had met the following criteria:
fasting blood sugar (FBS) <130 mg/dl, 2-hour
postprandial blood sugar (2hrPPBS) <180
mg/dl, and HbAlc <7%. Patients aged 20-60
years diagnosed with T2DM according to
World Health Organization criteria and with
no previous history of ear disease were
selected for the study. To rule out the
influence of age- related changes in hearing
status, this study was performed in DM
subjects aged <60 years, and the groups were
matched in terms of age. Exclusion criteria
were history of chronic ear disease such as
chronic suppurative otitis media, history of
ototoxic drug intake (such as gentamycin,
quinidine, high dose aspirin and furosemide)
in the past 3 months, abnormal otoscopic and
tympanometric examinations, heavy smokers
(more than one pack per day), occupational
noise exposure, severe or uncontrolled DM,
heavy alcohol consumption, and neurologic
disorders such as multiple sclerosis.

Examination procedure

A complete detailed medical history
(retinopathy, nephropathy, neuropathy,
angiopathy, diabetic ketoacidosis, and diabetic
hyperosmolar coma) was taken. All subjects
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underwent biochemical investigations such as
postprandial blood sugar (PPBS), FBS, HbAlc,
total cholesterol, triglyceride, and low-density
lipoprotein (LDL). A clinical and ENT
examination was carried out and a history of
otologic disease such as tinnitus and hearing
loss was taken. An audiological examination
including tympanometry and acoustic reflex
was performed in all cases to rule out middle-
ear disorders. Pure tone audiometry (PTA) was
measured at 0.25, 0.5, 1, 2, 4, and 8 kHz and
also, high-frequency PTA was measured at 10,
12, 14 and 16 kHz to detect the hearing
threshold at each given frequency using an
AC40 clinical audiometer (Madsen, Denmark)
in a sound-isolated room, standardized
according to the manufacturer’s instructions.
Hearing loss was defined as the threshold of
PTA at any frequency >20 dB HL. Speech
reception threshold (SRT) and speech
discrimination score (SDS) were investigated
using one- and two-syllable words of equal
stress (Spondees), and thresholds more than 25

dB HL and SDS lower than 75% were
considered abnormal.
Distortion  product otoacoustic  emissions

(DPOAESs) were obtained using the Madsen
Capella DPOAE System. Adequacy of probe
fit was inspected prior to the commencement
of data acquisition. A series of simultaneous
pure tone pairs, of frequencies f1 and f2, at
intensities of 65 and 55 dB SPL, respectively,
were delivered to the test ear. All primary
tones were maintained within £1 dB of the set
intensity. These stimulus intensity levels were
chosen based on recommendations concerning
optimal results in humans. To achieve optimal
DPOAE results, the test frequency ratio (f2/f1)

was set at 1.21. For each test ear, a DP-gram
that plots intensity of the 2f1-f2 distortion
product amplitude (and mean noise floor)
against f2 frequency was obtained. To record
the DPOAEs, the default protocol
recommended by the manufacturer was used.
Intensity of the 2f1-f2 distortion product
amplitude at frequencies of 0.75-8 kHz was
recorded and a signal/ noise ratio (SNR) >3 dB
was considered as normal result.

The main outcome variable was to profile the
PTA and DPOAE findings in diabetic subjects.
However, there were many variables of interest
such as age, gender, glycemic control (HbA1C
level), glycemic status (FBS and 2hrPPBS),
duration of disease, tinnitus, vertigo and
comorbid disease. After data collection,
statistical analysis was performed using the
Statistical Package for Social Sciences (SPSS)
version 19. The Kolmogorov-Smirnov test was
used to evaluate normalcy of distribution of the
data. We used the Mann-Whitney test or the
Chi-square Fisher Exact and Kruskal Wallis
tests to compare the data in the groups. To
control the effects of various parameters, such
as age, and duration of disease for example, we
used multivariable analysis. The level of
significance was considered to be <0.05.

Results

The study included 104 subjects with a mean
age of 53.74+4.8 years (range, 39-60 years),
among whom 76% were female. The
participants were divided into two groups
according to HbAlc level (poor control and
good control). Age distribution and HbAlc
level, FBS and 2hrPPBS according to diabetes's
control status are summarized in Table 1.

Table 1: Age, Hb A1C? FBS", and 2hrPPBS* levels in two groups of DM patients; well-controlled and poorly

controlled groups.

Variables Diabetes's control Mean Standard Minimum  Maximum Percentile P-value
status deviation 25 50 75
Age (year) Good control 54.25 5.85
10 65 50 54 60 0.867
Poor control 54.06 5.79
HbA1C Good control 7.03 0.80 .
(%) 47 12.5 7.20 8.10 9.50 0.0001
Poor control 9.93 1.03
FBS Good control 147.04 26.09
(mgydl) Poor control 165.89 73.29 54 346 12325 144 177.25 0.09
2hrPPBS Good control 197.25 62.54 .
(mg/dl) Poor control 269.79 92.95 90 500 169.50 228 285.75 0.0001

*: P<0.05 was considered statistically significant, a: HbAlc: Glycosylated hemoglobin, b: 2 hrPPBS: 2-hour postprandial
blood sugar, ¢: FBS: Fasting blood sugar, d: DM: Diabetes mellitus
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Using the Chi-square test, the number of
males among well-controlled diabetic patients
was 15.4% (8/52) compared with 32.7% in the
poorly controlled group (17/52); which was
statistically significant (P<0.039).

For all frequencies, except 0.25 and 0.5 kHz,
most of the patients demonstrated normal
hearing status (89.4% in the right ear and
91.3% in the left ear); in addition, at 1- and 2-
kHz frequencies, more than 75% of subjects
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had normal hearing. At higher frequencies, the
rate of hearing loss increased. At frequencies of
4 and 8 kHz, this could still be investigated with
a conventional PTA test, and 56-59.5% and
43-54.5% of subjects had normal hearing
status, respectively. However, at frequencies of
9, 10, 11, and 12 kHz, which are measured by
high-frequency PTA, approximately 65%, 70—
75%, 85% and 98% of patients demonstrated
hearing loss (Table.2).

Table 2: Frequency of normal hearing status in different frequencies.

Frequency (Hz) Normal hearing status
Right ear, No. (%) Left ear, No. (%)

250 93 (89.4%) 95 (91.3%)

500 93 (89.4%) 95 (91.3%)
1,000 86 (82.7%) 92 (88.5%)
2,000 74 (71.2%) 78 (75%)
4,000 58 (55.8%) 62 (59.6%)
8,000 57 (54.8%) 45 (43.3%)
9,000 36 (34.6%) 37 (35.6%)
10,000 28 (26.9%) 33 (31.7%)
11,000 16 (15.4%) 17 (16.7%)
12,000 2 (1.9%) 2 (1.9%)

Chi-square and Fisher Exact Tests revealed
statistically significant differences in hearing
loss at the 9-kHz frequency between well and
poorly controlled groups (P=0.002). However,
at frequencies of 0.25 and 0.5 kHz in the left
ear, two patients in the poorly controlled group
and nine patients in the well-controlled group

had hearing loss; however, due to the small
sample size, this difference cannot be
considered significant. According to level of
HbAc, in the poorly controlled group, hearing
loss was more significant at the 8, 9, 10, and 11
kHz frequencies compared with the well-
controlled group (P<0.029) (Table.3).

Table 3: Hearing status in different frequencies according to PTA?® test in the study groups.

Frequency Hearing Diabetes's control status P-value
(Hz) status
Good control Poor control
Right ear, No. (%) Left ear, No. Right ear, Left ear, Right ear Left ear
(%) No. (%) No. (%)

250 Normal 43 (82.7%) 46 (88.5%) 50 (96.2%) 49 (94.2%) 0.026 0.244
Abnormal 9 (17.3%) 6 (11.5%) 2 (3.8%) 3(5.8%)

500 Normal 43 (82.7%) 46 (88.5%) 50 (96.2%) 49 (94.2%) 0.026 0.244
Abnormal 9 (17.3%) 6 (11.5%) 2 (3.8%) 3 (5.8%)

1,000 Normal 44 (84.6%) 47 (90.4%) 42 (80.8%) 45 (86.5%) 0.604 0.539
Abnormal 8 (15.4%) 5 (9.6%) 10 (19.2%) 7 (13.5%)

2,000 Normal 36 (69.2%) 40 (76.9%) 38(73.1%)  38(73.1%) 0.665 0.651
Abnormal 16 (30.8%) 12 (23.1%) 14 (26.9%) 14 (26.9%)

4,000 Normal 29 (55.8%) 29 (55.8%) 29 (55.8%)  33(63.5%) 0.999 0.424
Abnormal 23 (44.2%) 23 (44.2%) 23 (44.2%) 19 (35.5%)

8,000 Normal 28 (53.8%) 28 (53.8%) 29 (55.8%) 17 (32.7%) 0.844 0.029
Abnormal 24 (46.2%) 24 (46.2%) 23 (44.2%) 35 (67.3%)

9,000 Normal 19 (36.5%) 22 (42.3%) 17 (32.7%)  15(28.8%) 0.082 0.006
Abnormal 11 (21.2%) 8 (15.4%) 21 (40.4%) 23 (44.2%)

10,000 Normal 13 (25%) 19 (36.5%) 15(28.2%) 14 (26.9%) 0.244 0.025
Abnormal 17 (32.7%) 11 (21.2%) 23 (44.2%) 24 (46.2%)

11,000 Normal 7 (13.5%) 12 (23.1%) 9 (17.3%) 5 (9.6%) 0.257 0.011
Abnormal 23 (44.2%) 18 (34.6%) 29 (55.8%)  33(63.5%)

12,000 Normal 1 (1.9%) 0 (0%) 1 (1.9%) 2 (3.8%) 0.253 0.106
Abnormal 29 (55.8%) 30 (57.7%) 37 (71.2%) 36 (69.2%)

“Pure tone audiometric
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In the DPOAE test, most patients (>64—-74%)
had normal test results at a frequency <6 kHz,
but at the 8-kHz frequency, approximately
46% of patients were normal and more than
53% were abnormal. The Chi-square test was
used and showed a statistically significant
difference at frequencies of 0.75, 2, and 3 kHz

in the left ear and at 1 kHz in right ear
(P<0.05), and the difference was most
pronounced at the 8-kHz frequency in both
ears (P<0.006), indicating that patients in the
poorly controlled group had worse cochlear
function according to the DPOAE test
(Table.4).

Table 4: Hearing status in different frequencies according to DPOAE? test in the study groups.

Frequency Hearing Diabetes's control status P-value
(Hz) status
Good control Poor control
Right ear, Left ear, Right ear, Left ear, Right Left ear
No. (%) No. (%) No. (%) No. (%) ear

750 Normal 27 (51.9%) 34 (65.4%) 24 (47.1%) 21 (42.9%) ]

Abnormal 25 (48.1%) 18 (34.6%) 27 (52.9%)  28(57.1%)  0.622 0.023
1,000 Normal 41 (78.8%) 39 (75%)  3057.7%) 33 (63.5%) )

Abnormal 11 (21.2%) 13 (25%)  22(42.3%) 19 (36.5%)  0.02 0.202
1,500 Normal 43 (82.7%) 47 (90.4%) 39 (75%) 40 (76.9%)

Abnormal 9 (17.3%) 5 (9.6%) 13(25%) 12 (23.1%) 0337 0.063
2,000 Normal 43 (82.7%) 47 (90.4%) 37 (71.2%) 39 (75%) .

Abnormal 9 (17.3%) 5(9.6%) 15 (28.8%) 13 (25%)  0.163 0.038
3,000 Normal 39 (78%) 42 (80.8%) 36 (69.2%) 32 (61.5%)

Abnormal 11 (22%) 10 (19.2%) 16 (30.8%) 20 (38.5%)  0.282 0.030"
4,000 Normal 41 (78.8%) 43 (82.7%) 38(73.1%) 35 (67.3%)

Abnormal 11 (21.2%) 9(17.3%) 14 (26.9%) 17 (32.7%) 0491 0.07
6,000 Normal 36 (69.2%) 38(73.1%) 31 (59.6%) 39 (75%)

Abnormal 16 (30.8%) 14 (26.9%) 21 (40.4%) 13 (25%) 0.306 0.823
8,000 Normal 33 (63.5%) 31 (59.6%) 15(29.4%) 17 (32.7%)

Abnormal 19 (36.5%) 21(40.4%) 36 (70.6%)  35(76.3%) 0.001° 0.006"

*Distortion product otoacoustic emissions

To evaluate the association between hearing
loss and existence of other complications
related to diabetes (such as diabetic
retinopathy, nephropathy, diabetic foot, for
example), patients were divided into two
groups: with or without complications. The
results showed that at a frequency of 8 kHz in
the left ear, 30 subjects among those with
diabetic complications and 29 among patients
without complications had hearing loss, while

at a frequency of 11 kHz, 22 cases with
diabetic complications and 29 patients without
complications had hearing loss (P<0.036).

In this study, 57 patients (54.8%) had
comorbidities such as hypertension, thyroid
dysfunction, and rheumatological diseases, for
example; of these 24 (42.6%) were in the well-
controlled group and 33 (63.5%) were in the
poorly controlled group. No significant
difference was observed (P<0.076) (Table.5).

Table 5: Frequency of diabetic comorbidities according to diabetes control status

Diabetes's control status

Total .
Comorbidities Good control, No. Poor control, . (@7 P-value
(%) No. (%) 0. (%)
+ 28 (53.8%) 19 (36.5%) 47 (45.2%)
24 (46.2%) 33 (63.5%) 57 (54.8%) 0.076

*: P-value < 0.05 was considered statistically significant
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To assess the association between the
existence of comorbidities in diabetic patients
and hearing loss, patients with and without
comorbidities in two separate groups were
investigated at different frequencies. The
results showed that there was significant
difference at frequencies of 10 and 11 kHz in
the right ear and at the 8-kHz frequency in the
left ear between these two groups (P=0.003,
P=0.032, and P=0.008, respectively). Among
all patients, only 20 (19.2%) had tinnitus; 13
of whom were in the poorly controlled group
and seven of whom were in the well-controlled
group. The Chi-square test was used to
analyze the association between tinnitus and
glycemic control status. No statistically
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significant difference was observed between
these groups (P<0.135). In addition, 27
subjects (26%) experienced episodes of true
vertigo; 13 of whom were in the well-
controlled group with the remaining number in
the poorly controlled group, with no
statistically significant differences.

To assess the effect of the duration of
diabetes on hearing status, patients were
divided into two groups: those with a known
diabetes duration of >10 years and those who
had been diagnosed for less than 10 years. At
frequencies of 10 and 11 kHz, statistically
significant differences were observed between
hearing loss and duration of illness >10 years,
in both ears (P=0.0001) (Table.6).

Table 6: Hearing status in different frequencies according to PTA? test in subgroups of diabetic patients based

on duration of diagnosis.

Frequency Hearing Duration of diabetes P-value
(Hz) status
<10 years >10 years
Right ear Left ear No. Right ear No. Left ear Right ear Left ear
No. (%) (%) (%) No. (%)
1,000 Abnormal 17 (24.3%) 10 (14.3%) 1 (2.9%) 2 (5.9%) 0.07 0.177
Normal 53 (75.7%) 60 (85.7%) 33 (97.1%) 32
(94.1%)
2,000 Abnormal 22 (31.4%) 20 (28.6%) 8 (23.5%) 6 (17.6%) 0.404 0.224
Normal 48 (68.6%) 50 (71.4) 26 (76.5%) 28
(82.4%)
4,000 Abnormal 31 (44.3%) 28 (40%) 15 (44.1%) 14 0.987 0.909
(41.2%)
Normal 39 (55.7%) 42 (60%) 19 (55.9%) 20
(58.8%)
10,000 Abnormal 25 (35.7%) 22 (31.4%) 15 (44.1%) 13 0.0001 0.0001
(38.2%)
Normal 11 (15.7%) 14 (20%) 17 (50%) 19
(55.9%)
11,000 Abnormal 28 (40%) 27 (38.6%) 24 (70.6%) 24 0.0001 0.0001
(70.6%)
Normal 8 (11.4%) 9 (12.9%) 8 (23.5%) 8 (23.5%)

Pure tone audiometric

In addition, in order to evaluate the effect of
age on hearing status, the patients were
divided into two groups: 25-45 years and 45—
60 years of age. The results of the DPOAEs
tests revealed that for all frequencies except 2
kHz, the greatest hearing loss was seen in the
45-60-year age group in the left ear, and the
majority of patients (63.4%) demonstrated
hearing loss at the 8-kHz frequency (P<0.004).

These results in the right ear were such that at
the 2-, 4-, and 8-kHz frequencies, 25.4%,
28.2%, and 57.7% patients in 45-60-year age
group, respectively, demonstrated hearing loss,
but the results were not statistically significant.

To assess the association between FBS and
2hrPPBS levels and hearing loss, the patients
were divided into different groups according
to FBS and 2hrPPBS levels: FBS=50-100,
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101-150, 151-200, and >200 mg/dl and
2hrPPBS <200, 200-300, 301-400, and >400
mg/dl. At high frequencies (>10 kHz), a
statistically significant difference was seen
between the different groups. The greatest
associations were seen when FBS was 151-
200 and >200 mg/dl, respectively, and also
when 2hrPPBS was 301-400 and >400 mg/dl,
respectively (Fig.1,2).

20

Number of patients

11 kHz frequency

30+ 2hPPBS_Groups

Wiow - 200
@201 -300
D301 - 400
400 - high

=
5
1

Number of patients

=
T

12 kHz frequency

Fig 1: Association between 2hrPPBS levels and
hearing loss at 11- and 12-kHz frequencies.

257

207

Number of patients

Mormal Hearing Loss

11 kHz frequency

304 FBS_groups
W 50-100 fbs
E101-150fbs
151 - 200 fbs
M 200 - high

Number of patients

12 kHz frequency

Fig 2: Association between FBS levels and hearing
loss at 11- and 12-kHz frequencies.

Discussion

Jordao first described the association
between DM and hearing loss (6), which is
still controversial and attracts considerable
attention. In a review of the literature, a
number of studies are published that assessed
the effect of DM on hearing acuity, but to the
best of our knowledge, very few studies
assessed the association between glycemic
control status and hearing loss, or compared so
many other variables in poorly controlled and
well-controlled diabetic patients.

For all frequencies except 0.25 and 0.5 kHz,
most patients demonstrated normal hearing
status, while at frequencies of 1 and 2 kHz,
more than 75% of subjects had normal hearing
As the frequency increased, the rate of
hearing loss also increased, such that at
frequencies of 4 and 8 kHz, this could still be
investigated with the usual PTA test, whereby
56-59.5% and 43-54.5% of subjects had
normal hearing status, respectively. However,
at frequencies of 9, 10, 11, and 12 kHz, which
can be measured using high-frequency PTA,
approximately 65%, 70-75%, 85%, and 98%
of patients had hearing loss, respectively.
These results show that high-frequency PTA is
more accurate than the usual PTA test for
early screening, and it may be helpful for the
diagnosis of subclinical cases. Some studies
revealed that higher frequencies were affected
more in diabetic patients (17-19), which is
consistent with our study. On the other hand,
other studies have reported that all the
frequencies are similarly affected (7).

The results of the DPOAE test in the well-
controlled and poorly controlled groups
showed a statistically significant difference at
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frequencies of 0.75, 2, and 3 kHz in the left ear
and at 1 kHz in the right ear; the difference
was most pronounced at the 8-kHz frequency
in both ears. This means that patients in the
poorly controlled group had worse cochlear
function according to the DPOAE test.
Lisowska et al. found that the amplitudes of
DPOAE were lower in T2DM patients in
comparison with the control group. However
Park  recorded only 8-kHz decreases on
DPOAE amplitudes in patients with diabetes
compared with the control group (20,21). In
the same study, the DPOAE amplitudes of
patients with controlled and uncontrolled
diabetes were evaluated, and significant
differences were seen at 6 and 8 kHz, which is
consistent with our study. No statistically
significant difference was found in DPOAE
measurements between diabetic patients with
metabolically controlled or uncontrolled in the
study by Bayindir et al. (22). Amplitudes of
DPOAEs in our study were not evaluated, and
we used the signal-to-noise ratio as the
diagnostic criteria, as in the studies of Ferreira
et al. and Joshi et al. (23,24).

Statistically significant differences were seen
in hearing loss at a frequency of 9 kHz
between the well-controlled and poorly
controlled groups. However, at frequencies of
0.25 and 0.5 kHz in the left ear, two patients in
the poorly controlled group and nine patients
in the well-controlled group had hearing loss;
however, due to low volume of samples the
difference was not statistically different. It
must also be added that this insignificant
difference is not clinically meaningful. This
was also confirmed by the level of HbAc,
such that in the poorly controlled group, at
frequencies of 8, 9, 10, and 11 kHz, this
hearing loss was more significant than that in
the well-controlled group. Panchu et al.
reported that the lack of glycemic control
reveals a positive correlation with the extent of
hearing loss at all frequencies when compared
with the good-glycemic control patients (25).

No significant difference was observed
between the presence tinnitus the status of
diabetic control in our study. Consistent with
our study, Gibrin et al. also reported no
statistically significant differences between
patients with DM and the control group in
terms of tinnitus (26). Furthermore, we found
no significant correlation between episodes of
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true vertigo and good control of diabetes.
Some authors have stated secondary
vestibulocochlear changes as a consequence of
DM and hyperinsulinemia (20,27-28). The hair
cells and the central vestibular system are
sensitive to changes caused by DM, while
experimental studies reveal that small
variations in glucose and plasma insulin affect
the labyrinth (29,30).

The results of DPOAE tests revealed that for
all frequencies except 2 kHz, the greatest
hearing loss was seen in the 50-65-year group
in the left ear, and that most patients (63.4%)
demonstrated statistically significant hearing
loss at the 8-kHz frequency. However, a study
by Panchu et al. showed that the effect of age
on auditory thresholds of diabetic patients was
statistically insignificant (25).

The present study revealed that at frequencies
of both 10 and 11 kHz, highly statistically
significant differences were seen between
hearing loss and duration of illness >10 years,
in both ears. Similar results have not been
reported in other studies (25). Also, at high
frequencies (>10 kHz), a statistically significant
difference was seen between the different
groups, and the greatest associations were seen
when FBS was >150 and also when 2hrPPBS
was >300 mg/dl. These findings are relatively
similar to those reported by Panchu et al. in
terms of FBS, but are not compatible in terms
of 2hrPPBS (25). Joshi et al. reported that
mean DPOAE amplitude and SNR were not
affected by the duration of diabetes (24), and
they were not significantly elevated with
duration of diabetes.

Our study showed that at frequencies of 8
kHz and 11 kHz in the left ear, patients with
diabetic complications had statistically
significantly greater hearing loss compared
with patients without complications. Naini et
al. also reported 42% hearing loss at high
frequencies in patients with  diabetic
complications (31), although the hearing level
of the patients without complications was
normal at all frequencies.

Our results show that there is a significant
difference at 10 and 11 kHz frequencies in the
right ear and at the 8-kHz frequency in the left
ear between patients with and without
comorbidities. Swaminathan et al. reported an
increased association of hearing loss in people
with high total cholesterol, high triglycerides,

216 Iranian Journal of Otorhinolaryngology, Vol.30(4), Serial N0.99, Jul 2018



Hearing Status in Patients with type 2 DM

and high LDL levels (32), which is compatible
with our study. These abnormalities in hearing
status can be due to changes in the cochlea,
including thickened vessels of the stria
vascularis, atrophy, and loss of outer hair cells
without loss of spiral ganglion cells, as
described by Fukushima et al. (33).

Conclusion

According to the findings of our study, it
seems that diabetic patients with a duration of
diabetes >10 years, patients with other diabetic
complications, poorly controlled patients or
patients with comorbidities should undergo
audiologic and endocrine follow-up to prevent
greater sensory neural hearing loss. We also
propose more comprehensive and detailed
studies with a greater sample size to further
clarify these associations.

Acknowledgments

The authors would like to thank Dr Ehsan
Kazemnezhad for his guidance in statistical
analysis. Also acknowledge the staffs of the
Department of Audiology at Amir Almomenin
hospital Rasht, Iran, where all the audiological
tests were performed.

References

1. Wild S, Roglic G, Green A, Sicree R, King H.
Global prevalence of diabetes: estimates for the
year 2000 and projections for 2030. Diabetes care.
2004;27:1047-53.

2. Mozaffari M, Tajik A, Ariaei N, Ali-Ehyaii F,
Behnam H. Diabetes mellitus and sensorineural
hearing loss among non-elderly people. Eastern
Mediterr Health J 2010; 16:947-52.

3. World Health Organization — Diabetes country
profiles, 2016. Awvailable from: http://www.
who.int/diabetes/country-profiles/irn_en.pdf?ua=1.
4. Ferreira JC, Guimardes R, Becker H, Silva C,
Gongalves T, Crosara P. Avaliagdo metabdlica do
paciente com labirintopatia. Arg Otorrinolaringol.
2000;4:28-32.

5. Marchiori LLdM, Gibrin PCD. Diabetes mellitus:
prevaléncia de alteracBes auditivas. Arquivos
Brasileiros de Endocrinologia & Metabologia. 2003;
47:82-6.

6. Malucelli DA, Malucelli FJ, Fonseca VR,
Zeigeboim B, Ribas A, Trotta F, et al. Hearing loss
prevalence in patients with diabetes mellitus type 1.
Braz J Otorhinolaryngol. 2012; 78:105-15.

7. Frisina ST, Mapes F, Kim S, Frisina DR, Frisina
RD. Characterization of hearing loss in aged type Il
diabetics. Hearing Res. 2006;211:103-13.

8. Parving A, Elberling C, Balle V, Parbo J,
Dejgaard A, Parving HH. Hearing disorders in
patients with insulin-dependent diabetes mellitus.
Audiology. 1990;29:113-21.

9. Virtaniemi J, Laakso M, Nuutinen J, Karjalainen
S, Vartiainen E. Hearing thresholds in insulin-
dependent diabetic patients. J Laryngol Otol. 1994;
108:837-41.

10. Gibbin KP, Davis CG. A hearing survey in
diabetes mellitus. Clinical Otolaryngol Allied Sci.
1981; 6:345-50.

11. Harner SG. Hearing in adult-onset diabetes
mellitus. Otolaryngol Head Neck Surg 1981; 89:
322-71.

12. Miller JJ, Beck L, Davis A, Jones DE, Thomas
AB. Hearing loss in patients with diabetic
retinopathy. Am J Otolaryngol 1983;4:342—6.

13. Virtaniemi J, Laakso M, Nuutinen J,
Karjalainen S, Vartiainen E. Hearing thresholds in
insulin-dependent diabetic patients. J Laryngol
Otol 1994;108:837-41.

14. Axelsson A, Fagerberg SE. Auditory Function
in Diabetics. Acta Otolaryngol 1968; 66:49-64.

15. Salvirelli F, Miele A, Casale M, Greco F,
D'Ascanio L, Firrisi L. Hearing Thresholds in
Patients With Diabetes. Int J Otorhinolaryngol.
2004;3(1).

16. Cayonii M, Capraz M, Acar A, Altundag A,
Murat S. Hearing Loss Related with Type 2
Diabetes in an Elderly Population. J Int Adv Otolo.
2014;10:72-5.

17. Axelsson A, Sigroth K, Vertes D. Hearing in
diabetics. Acta Otolaryngol Supplement. 1978;
356: 1-23.

18. Cullen JR, Cinnamond MJ. Hearing loss in
diabetics. J Laryngol Otol. 1993;107:179-82.

19. Rajendran S, Anandhalakshmi, Mythili B,
Viswanatha R. Evaluation of the incidence of
sensorineural hearing loss in patients with type 2
diabetes mellitus. Int J Biol Med Res.2011;2:982-7.
20. Lisowska G, Namyslowski G, Morawski K,
Strojek K. Cochlear dysfunction and diabetic
microangiopathy. Scand Audiol Suppl. 2001; 52:
199-203.

21. Park MS, Park SW, Choi JH. Distortion
product otoacoustic emissions in diabetics with
normal hearing. Scand Audiol Suppl. 2001;52:
148-51.

22. Bayyndyr T, Erdem T, Uzer E, Toplu k, Sary
R, zturan O. Evaluation of the Auditory Effects in
Controlled and Uncontrolled Type 2 Diabetes
Mellitus Using Otoacoustic Emissions. J Turgut
Ozal Med Cent. 2010;17:337-41.

23. Ferreira JM, Cémara MFeS, Almeida PCd,
Branddo Neto J, Silva CABd. Caracteristicas
audiologicas de pacientes com diabetes mellitus
Tipo 2. Revista CEFAC. 2016;18:1050-9.

Iranian Journal of Otorhinolaryngology, Vol.30(4), Serial N0.99, Jul 2018 217


http://www/

24. Joshi KD, Galagali JR, Kanzhuly MK, Singh
ID. A comparative study on effects of diabetes on
auditory functions as measured by BERA and
DPOAE. Int J Otorhinolaryngol Head Neck Surg.
2017;3:347-53.

25. Panchu P. Auditory acuity in type 2 diabetes
mellitus. Int J Diabetes Develop Countr. 2008;
28:114-20.

26. Gibrin PC, Melo JJ, Marchiori LL. Prevalence
of tinnitus complaints and probable association
with  hearing loss, diabetes mellitus and
hypertension in elderly. CoDAS. 2013;25:176-80.

27. Doroszewska G, Kazmierczak H.
Hyperinsulinemia in vertigo, tinnitus and hearing
loss]. Otolaryngologia Polska. 2002;56:57-62.

28. Orts Alborch M, Morant Ventura A, Garcia
Callejo J, Perez del Valle B, Lorente R, Marco
Algarra J. The study of otoacoustic emissions in
diabetes mellitus. Acta Otorrinolaringologica
Espanola. 1998;49:25-8.

29. Angeli RD, Lavinsky L, Dolganov A.
Alterations in cochlear function during induced

Nemati Sh, et al

acute hyperinsulinemia in an animal model. Braz J
Otorhinolaryngol. 2009;75:760—4.

30. Maia FC, Lavinsky L, Mollerke RO, Duarte ME,
Pereira DP, Maia JE. Distortion product otoacoustic
emissions in sheep before and after hyperinsulinemia
induction. Braz J Otorhinolaryngol. 2008;74:1817.
31. Safavi Naini A, Fathololoomi MR, Safavi Naini
A. Effect of Diabetes Mellitus on the Hearing
Ability of Diabetic Patients. Tanaffos. 2003;2:
51-8.

32. Swaminathan A, Sambandam R, Bhaskaran M.
Evaluation of the auditory effects of
hyperlipidaemia and diabetes mellitus by using
audiometry. J Clin Diagnost Res. 2011;5:1528-32.
33. Fukushima H, Cureoglu S, Schachern PA,
Kusunoki T, Oktay MF, Fukushima N, et al.
Cochlear changes in patients with type 1 diabetes
mellitus. Otolaryngol Head Neck Surg 2005; 133:
100-6.

218 lIranian Journal of Otorhinolaryngology, Vol.30(4), Serial N0.99, Jul 2018



